Objectives: We performed a patterns-of-care study to characterize the types of patients with epithelial ovarian cancer (EOC) who received neoadjuvant chemotherapy (NACT) versus primary debulking surgery (PDS) using the National Cancer Database (NCDB). Methods: We identified patients with stages IIIC and IV EOC in the NCDB diagnosed from 2003 to 2011. Patients who received chemotherapy (CT) prior to surgery were classified as receiving NACT; if surgery preceded CT, then it was classified as PDS. Data collected from the NCDB included demographics, medical comorbidity index, cancer characteristics and treatment, and hospital characteristics. Univariate and multivariable analyses were performed using W 2 test, logistic regression, log-rank test, and Cox proportional hazards modeling as indicated. Statistical significance was set at P G 0.05. Results: A total of 62,727 patients with stages IIIC and IV EOC were identified. The sequence of surgery and CT was identified, of which 6922 (11%) had NACT and 31,280 (50%) had PDS. Neoadjuvant CTwas more frequently done in stage IV than stage IIIC (13% vs 9%), and its use markedly increased over time. Variables associated with increased likelihood of NACT use were as follows: age older than 50 years and those with higher comorbidities, stage IV, and higher-grade EOC. Neoadjuvant CT use was also associated with hospitals that were adherent to the National Comprehensive Cancer Network guidelines, high-volume facilities, those in the Midwest and West, and academic centers. Conclusions: Evidence suggests that patients with greater adverse risk factors are more likely to receive NACT instead of PDS. Use of NACT has significantly increased over the study period, especially in patients with stage IV ovarian cancer.
H istorically, primary management of advanced-stage epithelial ovarian cancer (EOC) included primary debulking surgery (PDS), followed by adjuvant chemotherapy (CT). 1 The primary goal of surgical therapy is to reduce the overall tumor burden in the abdomen and pelvis to minimal or no gross residual disease (optimal debulking) to maximize the effectiveness of adjuvant CT. 2, 3 Numerous retrospective studies show clear survival advantages for patients who undergo optimal cytoreduction compared with those who are not optimally debulked. 2Y4 A critical barrier to this goal is that many patients with stages III and IV EOC do not have optimal cytoreduction at the end of their primary operation.
Neoadjuvant CT (NACT), CT given prior to surgery, emerged as an alternative to primary surgery for advanced ovarian cancer in the 1990s. 5, 6 Neoadjuvant CT addressed several challenges associated with primary surgery: inability to achieve optimal debulking in many patients, especially with stage IV disease, and many patients are medically unsuitable because of age, performance status, or other medical comorbidities. 7 The goals of NACT are to decrease tumor burden prior to interval debulking surgery to increase the likelihood of complete tumor resection at the time of surgery. 8 Multiple studies, including 2 recent randomized controlled clinical trials, support the selected use of NACT as an alternative to PDS. 9, 10 The rate of optimal debulking (residual tumor G1 cm) was markedly improved in the NACT group compared with the PDS groups in the studies of both Vergote et al 10 (80.6% vs 41.6%) and Kehoe et al 9 (73% vs 41%), and overall survival was not compromised by use of NACT. Nonetheless, the sequence of NACT versus PDS remains highly contested among experts, who focus on whether NACT compromises the survival of patients with advancedstage ovarian cancer.
11Y13
The National Cancer Database (NCDB) was developed to track outcomes from 1500 US American College of Surgeon's Commission on CancerYaccredited programs and captures approximately 80% of ovarian cancer cases.
14 This database contains broad information about patient demographics and EOC characteristics, treating institution, and types of treatments including surgery and CT. We sought to use the NCDB to evaluate patterns of care in the use of NACT versus primary surgery in the management of advanced-stage EOC. We examined if there was a trend in the use of NACT during the time period and if there were factors associated with its use during a period that predated the publication of the studies of Vergote et al 10 and Kehoe et al. 9 
METHODS
This study received exempt status from the institutional review board of Washington University and the University of Pittsburgh. Our methodology parallels that previously detailed with hospital data abstracted as described by Bristow et al. 15 Data were obtained using a public use file provided by the NCDB. The NCDB is a joint project of the Commission on Cancer of the American College of Surgeons and the American Cancer Society. The data used in this study are derived from a deidentified NCDB file. The American College of Surgeons and the Commission on Cancer have not verified and are neither responsible for the analytic or statistical methodology used or the conclusions drawn from these data by the investigators.
The subjects and hospitals were deidentified for aggregate data analysis. Patients with invasive EOC diagnosed between January 1, 2003, and December 31, 2011, were identified using the NCDB by topography code C56.9. We limited our analysis to subjects from 2003 onward, because therapy sequence data began to be reliably recorded at that time. Histologies were recorded as serous or nonserous. The identified treatments for ovarian cancer included the following: PDS followed by adjuvant CT, NACT followed by surgery, surgery alone, CT alone, unknown sequence, or no surgery or CT. Surgical procedures included the following: local tumor destruction, total removal of a tumor, unilateral or bilateral oophorectomy, omentectomy, debulking/cytoreductive surgery, pelvic exenteration, or other oophorectomy/surgery type not otherwise specified. Chemotherapy was recorded as given if associated with initial treatment and was categorized as follows: (1) none, (2) unknown, (3) single agent, (4) multiagent, (5) no CT because of contraindications, (6) no CT because of patient death, (7) no CT because of unknown reasons, or (8) no CT because of patient/family refusal. The NCDB captures the first cycle of CT regardless of the location where it was administered. No information was available about the number of cycles, the specific type of CT agents given, or if CT was given for subsequent recurrences.
Patient demographic information included age, insurance status, education, ethnicity, and income. Insurance status was recorded as private insurance (which includes managed care), Medicare/Medicaid, other government insurance, not insured, and unknown. Education was identified as the percent of the population in the subject's zip code of residence at the time of diagnosis that did not have a high school diploma, after linking the NCDB to the US Census data, because education is not captured in the NCDB. Ethnicity included white, African American, Hispanic, Native American, Asian/Pacific Islander, or unknown. Income was the median household income in the subject's zip code of residence (using US Census data). The Charlson-Deyo Comorbidity Index was used as a measure of patient comorbid illnesses.
Information about the hospitals included the type of institution (community cancer program, comprehensive community cancer program, or academic/research comprehensive cancer program), location (Northeast, South, Midwest, and West), the number of ovarian cancer operations per year, and the distance that the patient lived from the hospital of record. It was also noted if the ovarian cancer care was adherent with the National Comprehensive Cancer Network (NCCN) published guidelines, based on stage specific recommendations for surgical and CT treatment according to the time period of diagnosis. 14, 16 Surgery was considered to be adherent if it included oophorectomy with omentectomy and debulking procedures including bowel resection, or exenteration. Chemotherapy was considered to be adherent if multiagent CT was administered.
Statistical Analysis
Descriptive statistics of cases and institutions were extracted from NCDB 2011 ovarian data set that was released and revised in the first quarter of 2014. We grouped continuous variables into quartiles for univariate and multivariable analyses. Univariate W 2 analyses were performed to identify significant relationships between individual patient/facility/ disease/treatment factors and undergoing NACT as opposed to PDS. Factors found to have significant relationships to a treatment sequence after Bonferroni-Holm correction were considered as potential covariates for subsequent multivariable modeling.
Linear trends for use of PDS and NACTwere calculated over the periods of the study by plotting the rate of use of various therapeutic approaches over time and applying simple linear regression to estimate trend over time, then applying Wald runs test for randomness for each linear regression model to assess systematic deviation from linearity of the data. Each linear regression model was compared with others using analysis of covariance as detailed by Zar 17 to determine if use of various therapeutic approaches changed proportionately over time.
Multivariable logistic regression was used to analyze likelihood to receive NACT instead of PDS for patient demographics, tumor characteristics, comorbidity index, institutional characteristics, and adherence to NCCN guidelines, adjusted for age, ethnicity, stage, grade, payer status, and household income. Multivariable logistic regression models (1 for stage IIIC, 1 for stage IV, and 1 for both stages IIIC and IV) were constructed using backward, stepwise selection based on the maximum partial likelihood estimates. Odds ratios (ORs) with 95% confidence intervals were generated; OR greater than 1.0 indicated an increased likelihood of receiving NACT.
Point estimates with 95% confidence interval and levels of significance based on 2-tailed tests are reported as P values where appropriate. Threshold for significance was set at an > level of 0.05. All analyses were generated using either IBM SPSS version 19.0 (Armonk, NY) or GraphPad Prism version 6 (La Jolla, CA).
RESULTS
We identified 62,727 patients in the total cohort who met criteria for study inclusion, at stages IIIC-IV invasive EOC and older than 18 years. In the period 2003 to 2011, there were 31,280 patients (49.9% of total) who underwent PDS and 6922 patients (11.1%) who had NACT prior to surgery (Fig. 1) . We also identified patients who had neither PDS nor NACT: 7479 (11.9%) with surgery alone, 8130 (13.0%) with CT alone, 5805 (9.3%) who had neither surgery nor CT, and 3111 (5.0%) with an unknown sequence. Among patients with stage IIIC ovarian cancer, 22,604 (63%) had PDS, whereas only 3332 (9%) had NACT. However, in stage IV patients, the treatment sequences were more heterogeneous, with far fewer patients who had PDS (8675; 32%), and 3590 (13%) had NACT, then CT alone in 6171 (23%), surgery alone in 2646 (10%), and no surgery or CT in 4816 (18%).
In the total cohort of stages IIIC and IV cancers, there were a decreasing number of patients who received PDS (de- shows the annual trends for all treatments for stage IIIC disease, showing that there was an increase in the number and proportion of NACT over the period. There was a decrease in the absolute number of PDS; however, the proportion varied but was largely unchanged during the period. Figure 3 shows the trends for all treatments for stage IV disease. There was a clear decrease in the number and proportion of PDS over the period, but the increased use of NACT was far greater compared with what was seen in stage IIIC disease. Table 1 shows the characteristics of the cohort, limited to those patients who had PDS or NACT. Because the patient ages were nonYnormally distributed, we include the median and interquartile ranges. The patients who received NACT were significantly older than those who had PDS. The distribution of race/ethnicity was different among the patients who received the 2 treatments, with slightly more white women receiving PDS and slightly more African American receiving NACT. Comorbidity was higher in the patients who received NACT instead of PDS; if patients had no comorbidities, then NACTwas 17.6%, but increased to 21.6% if they had 2 or more comorbid conditions. Neoadjuvant CT was more frequently done in the West, whereas PDS was more commonly done in the Northeast and South. The number of ovarian cancer operations per hospital varied between those who had NACT versus PDS, with NACT being done more frequently in highvolume hospitals. Neoadjuvant CT was more common if the patient was more than 27.7 miles from the primary hospital. Neoadjuvant CT was more commonly done in facilities that were adherent with NCCN guidelines (18.6%) compared with those in nonYNCCN-adherent facilities (16.3%).
Cancer characteristics were different among the patients. Neoadjuvant CTwas much more frequently provided to stage IV patients (29.3%) compared with stage IIIC patients (12.8%). Neoadjuvant CT was more frequently done with patients with grade 3 cancers compared with lower grades and nonserous versus serous histologies.
On logistic regression analysis to assess the likelihood of receiving NACT compared with PDS, several notable trends were observed (Table 2) likelihood of receiving NACT was much higher. If the patient received treatments at an institution that was adherent to NCCN ovarian cancer guidelines, she was more likely to receive NACT instead of PDS. There was no difference in NACT use based on serous versus nonserous histologies (different than the univariate analysis).
Several characteristics about the treating institutions also appeared to influence the likelihood of treatment sequence. Those programs that were located in a comprehensive community cancer or an academic medical center were more likely to use NACT compared with community cancer programs. Southern institutions had a higher propensity toward PDS compared with those in the Northeast, in contrast to those in the West and Midwest that were more likely to perform NACT. Hospitals that recorded the greatest volume of annual ovarian cancer cases (927.7/year) were more likely to choose NACT compared with lower-volume facilities. Patients who lived more than 25 miles away from their primary treating hospital were more likely to get NACT compared with those who lived near their hospital.
DISCUSSION
In this patterns-of-care study over the study period 2003 to 2011, we found that primary surgery was provided far more commonly than NACT for advanced-stage ovarian cancer. Similarly, a Society of Gynecologic Oncology practice patterns survey (covering a similar period) reported that the majority of survey respondents (60%) said that they give NACT to less than 10% of their advanced-stage patients. 18 It is also consistent with a patterns-of-care population-based study by Thrall et al 19 using the SEER (Surveillance, Epidemiology and End Results) database linked to the Medicare claims database: 71% of Medicare beneficiary patients had primary surgery, 14% had NACT, and 15% had palliative CT alone. Nonetheless, we did find a decreasing trend in the use of PDS for both stages IIIC and IV patients and an increased rate of NACT, far greater with stage IV disease than stage IIIC, a pattern also noted by Meyer et al. 20 Similar to the study of Thrall et al, 19 we found that in stage IV disease alternatives to primary surgery were increasingly used: CT alone was provided more frequently than NACT, and a significant proportion of patients receive surgery alone or no treatment. Both of these latter nonstandard treatments have also increased over time, despite the more frequent use of NACT, which may reflect a palliative approach to treatment of some patients with poorprognosis ovarian cancer.
We found several factors that distinguished the likelihood to receive NACT versus PDS. The greatest difference was seen between patients with stages IIIC and IV disease: NACTwas done in 13% of stage IIIC, but increased to 29% in stage IV (OR, 2.86). The other factors associated with NACT use included older patients, African American women, and those with grade 3 disease. Less significant factors associated with increased use of NACT included living in a more affluent neighborhood and receiving care in comprehensive community cancer programs or academic centers, in a facility more likely to be adherent to NCCN ovarian cancer guidelines, and a Western institution (vs other regions). The interpretation of these trends suggests that the selection of NACT over PDS is probably not a reflection of adverse socioeconomic discrimination. The increasing use of NACT for advanced-stage EOC likely reflects a change in the paradigm of care for this challenging, heterogeneous group of patients. We limited our cohort to patients with stage IIIC disease or worse, since NCCN guidelines clearly favor use of primary surgery for patients who have less than stage IIIC disease. 1 Our study showed a trend of increasing use of NACT occurred even before the publication of the first randomized controlled trial of NACT versus PDS (that of Vergote et al 10 ) . The recommendation to consider NACT in selected patients (bulky stage IIIC and stage IVand/or poor surgical candidates) was upgraded to category I in the 2012 version of the NCCN guidelines. 16 Facility factors that favored NACTuse included participation by academic centers, centers adherent to NCCN guidelines, and facilities with a higher annual volume of ovarian cancer cases. This may suggest that familiarity with emerging literature and NCCN guidelines may have increased the likelihood to use NACT.
Our findings that NACT was more frequently given in patients with adverse disease characteristics and/or worse performance status are consistent with other studies.
19,21Y23
Outcome comparisons of primary surgery compared with NACT are very difficult to validate, because choosing one modality over another requires multifaceted decision making that weighs multiple factors, including clinician experience.
Wright et al
22 used a linked SEER and Medicare claims database to analyze outcomes in patients with stages II-IV disease and older than 65 years. They found that patients who were more likely to receive primary CT (NACT instead of primary surgery) were likely to be older, be diagnosed more recently, have serous cancers, and live in a metropolitan area. They also determined that there were substantial factor imbalances between the 2 treatment groups.
Limitations to this study are common to other population-based epidemiological studies. The most critical limitation is the lack of information about pretreatment tumor burden or tumor residual disease after surgery. Similarly, there is no documentation about the rationale behind the choice of PDS versus NACT in these patients with advanced-stage ovarian cancer. Clinician knowledge, skill, and experience are unknown. Similarly, the elements that influenced patient choices, such as social factors or family support, are missing. Use of the Charlson Comorbidity Index underestimates the severity of coexisting diseases because they must appear as secondary diagnoses on the hospital discharge record to be recorded. No central pathology review is available to confirm histological diagnoses. The strengths of this study are due to the large size of the cohort, the breadth and detail of data collected, and that the abstracted data were audited for validity.
This study was not intended as a justification for use of one modality over another. Nor is it an argument for a less aggressive surgical approach in ovarian cancer management. Rather, it suggests that clinicians do appear to exercise §Age distribution is nonnormal by Kolmogorov-Smirnov testing against a normal distribution; therefore, median (interquartile range) (75th percentile to 25th percentile) is used rather than mean (SD). judgment in their treatment selection based on multiple patient characteristics. It is somewhat reassuring that 2 factors that are associated with better ovarian cancer outcomes, treatment at high-volume centers 15 and adherence to NCCN guidelines, 14 are not proportionally lower in patients who receive NACT instead of PDS. Selection of primary surgery or †An OR of greater than 1.0 means greater likelihood to receive NACT compared with PDS.
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